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FinlandFire disturbance is considered paramount for regeneration and biodiversity in the boreal forest with pre-
scribed burning widely advocated in present day forest management. Palaeoecological knowledge is ben-
eﬁcial in understanding the role of ﬁre as a driver of past vegetation dynamics. We use a sedimentary
pollen and charcoal record to reconstruct 5000 years of ﬁre and vegetation history from a small forest
hollow (approximate area 12 m2) in the Vesijako Strict Nature Reserve, currently one of the few remain-
ing old-growth forest stands in southern Finland. Results indicate three distinct periods in the environ-
mental history (1) 5000–2000 cal. yrs. BP; semi-natural low frequency (430 year return period), low
intensity ﬁres in a diverse mixed stand with little evidence of anthropogenic disturbance and an expand-
ing Picea abies (Norway spruce) population (2) 2000–750 cal. yrs. BP; anthropogenic-driven high fre-
quency (180 year return period), high intensity stand-replacing ﬁres in a low diversity stand with
evidence of slash and burn cultivation and a decline of Picea population, (3) 750 cal. yrs. BP to present
day; ﬁre absence through a reduction in human-induced ﬁre or active ﬁre suppression and the expansion
of the currently dominant Picea forest. The changing ﬁre frequency has had a major inﬂuence on the for-
est composition during the last 5000 years. The loss of ﬂoristic diversity is associated with an increase in
the human use of ﬁre and without this human interference the previously high biodiversity in the stand
may have remained up until the present day. If ﬁre remains absent in Vesijako then it is likely that the
Picea population will continue to dominate in the stand supporting a negative feedback mechanism that
will result in lower frequency, higher intensity ﬁres in the future.
 2013 The Authors. Published by Elsevier Ltd. Open access under CC BY license.1. Introduction
Fire is a signiﬁcant disturbance agency in the circumboreal for-
est and there is evidence of varying ﬁre frequencies from charcoal
sediment records extending back to the last glacial maximum
(Power et al., 2008). Although humans have been using ﬁre since
the early–mid Pleistocene (Bowman et al., 2011), it is only since
the mid-late Holocene that anthropogenic intervention has modi-
ﬁed boreal Fennoscandian ﬁre regimes from their ‘natural’ state
through slash and burn cultivation (Molinari et al., 2005). Almost
two centuries of widespread ﬁre suppression in Fennoscandia
(Wallenius, 2011), has impacted forest biodiversity by favouring
the expansion of Picea abies (Bjune et al., 2009) and endangering
ﬁre-dependent species including fungi, insects (Kouki et al.,2012) and higher plants (Risberg and Granström, 2012). Recent at-
tempts have been made to reintroduce burning in designated areas
to restore important natural values (Hyvärinen et al., 2009; Vanha-
Majamaa et al., 2007). However, ﬁre restoration is faced by many
challenges, most notably to determine and subsequently attempt
to mimic the ‘natural’ ﬁre regime.
Ecological history is rarely considered in current forest manage-
ment and conservation practices. However, long-term palaeoeco-
logical data can help explore temporal and spatial anthropogenic
ecosystem modiﬁcation, enabling the support of restoration activ-
ity designed to foster biodiversity and vital ecosystem functions
(Jackson and Hobbs, 2009; Willis and Birks, 2006).
Study of previous ﬁre regimes, notably ﬁre frequency, size and
severity prior to any signiﬁcant human disturbance can provide
information and guidelines for present-day and long termmanage-
ment strategies (Bergeron et al., 2002). Previous ﬁre history studies
and estimates of ﬁre frequencies in Fennoscandia have been based
on ﬁre scars (Niklasson et al., 2010; Wallenius et al., 2007),
charcoal layers (Ohlson et al., 2006; Pitkänen et al., 2002), charcoal
particles analysed from lake sediment (Carcaillet et al., 2007;
Pitkänen and Huttunen, 1999; Tolonen, 1983) and mires (Tolonen,
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forest hollows have not yet been used to estimate past ﬁre fre-
quencies in Fennoscandia (Bradshaw et al., 2010; Higuera et al.,
2005). Dendrochronology gives useful insight into the ﬁre history
records of ﬁre scars are limited both spatially and temporally. Spa-
tially, trees have to survive a ﬁre and remain in situ to provide a
true record. Temporally, ﬁre scar chronology rarely exceeds
600 years (Wallenius et al., 2007) and are considered somewhat
more reliable when reconstructing the ﬁre history for the past
400–500 years (Niklasson et al., 2010). Charcoal in the sedimentary
record is much more widely available, but previous work calculat-
ing ﬁre frequencies from charcoal records has required sophisti-
cated statistical manipulation to help identify charcoal peaks
relating to speciﬁc ﬁre events (Carcaillet et al., 2007). This is be-
cause charcoal records in sediment usually consist of continuous
background levels of charcoal.
Here we use a high resolution pollen and charcoal record from a
small forest hollow in Vesijako Strict Nature Reserve, Finland, to
determine ﬁre frequencies through the last 5000 years and how
they are inﬂuenced by both natural and anthropogenic factors.
We also explore the effects of changing ﬁre frequency on the forest
composition and structure and vegetation diversity in the Vesijako
reserve and discuss the importance of our results for forest man-
agement and biodiversity conservation.2. Materials and methods
2.1. Study area and site
Vesijako (61N; 25E) is 1700 ha of relatively uninhabited forest
situated in the Padasjoki municipality, southern Finland (Fig. 1).
Currently administered by Metsähallitus, Vesijako is a state owned
research forest with a long tradition of management for timberVe
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Fig. 1. Location map of Vesijako Sproduction and related ecological research (Heikinheimo, 1915).
More recently research in Vesijako has focused on restoration of
forest biodiversity through active management, for example selec-
tive logging, creating dead wood and prescribed burning (Lilja-
Rothsten et al., 2008; Shorohova et al., 2008; Vanha-Majamaa
et al., 2007). The forest is located in the southern boreal vegetation
zone (Ahti et al., 1968) with an altitude ranging between 100 and
170 m a.s.l. The mean annual temperature is 4.2 C, with a July
mean of 16.6 C and a February mean temperature of 7.1 C (Pir-
inen et al., 2012). The mean annual precipitation is 645 mm/yr and
the duration of thermal growing period is 160 days.
Vesijako Strict Nature Reserve (61210N; 25060E) is 115 ha lo-
cated within Vesijako forest and was established by Metsähall-
itus in 1956. In Finland, a Strict Nature Reserve is a national
state-owned conservation reserve protected by law in its natural
state and undisturbed condition due to its exceptionally high sci-
entiﬁc value (Similä and Junninen, 2012). The primary purpose
of Vesijako Strict Nature Reserve is to conserve an intact repre-
sentative of southern Finnish Lakeland forest and to use it for
scientiﬁc research (Fig. 1). The area is considered to be in a near
natural state and represents a small but important woodland key
habitat of the boreal zone in Finland (Timonen et al., 2011; Raj-
ala et al., 2012). The sampling site, selected for its small forest
hollow characteristics (Overballe-Petersen and Bradshaw, 2011)
is a wet hollow of approximately 12 m2 situated within a dense
forest stand dominated by Picea abies with scattered Pinus sylves-
tris, Betula and Populus tremula individuals present at the site
(Fig. 2).
2.2. Field, laboratory and statistical methods
A sediment core comprising of three sections, 126 cm in total
length, was extracted from the centre of the small forest hollow
in Vesijako in May 2008 using a 50 cm long, 5 cm diameter Russiansijako
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Fig. 2. Image of Vesijako small forest hollow, Finland.
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down, alternating between two separate core holes, to enable a
minimum of 10 cm overlap between each section of the core. The
core was stored below 5 C at the University of Liverpool. For anal-
ysis, the sections were scraped to avoid contamination and 126
sub-samples were taken from the core at 1 cm intervals for pollen
analysis, macroscopic charcoal analysis and radiocarbon dating.
The use of a single core is normal in palaeoecological research, with
the long time series of sub-samples providing a form of replication
through the identiﬁcation of coherent trends and patterns in the
analysed data.Table 12.2.1. Pollen analysis
Pollen preparation followed standard procedures (Moore et al.,
1991). Samples were stained with saffron and mounted in glycerol
on microscope slides for continuous counting at a magniﬁcation of
400. A minimum total of 500 terrestrial pollen grains were
counted per sample and pollen grains were identiﬁed following
Moore et al. (1991) and Bennett (1995–2007) to species level
where possible. The pollen diagrams were drawn up using TILIA
and TILIA.GRAPH 2011 version 1.5.12 (Grimm, 2011). Stratigraph-
ically constrained cluster analysis CONISS was conducted in TILIA
and included only selected abundant terrestrial pollen taxa
(Grimm, 1987).Radiocarbon dating results of AMS bulk sediment dates for Vesijako, Finland.
Depth (cm) Laboratory number 14C age Age (cal. yrs. BP)
18 LuS 9887 155 ± 50 148
31 Poz-39981 1190 ± 35 1119
47 Poz-39979 1475 ± 30 1359
66 Poz-39980 2190 ± 30 2228
78 LuS 9886 2780 ± 50 2918
96 Poz-39978 3295 ± 35 3520
108 LuS 9885 3510 ± 50 3783
122 Beta-245766 4360 ± 40 50532.2.2. Macroscopic charcoal analysis
A known volume of sediment was soaked and heated in NaOH,
then sieved through 300 lm mesh with material retained in the
sieve added to 80 ml double distilled water. 20 ml of sample was
added to a Petri dish after stirring and counted using a grid base.
Black brittle crystalline particles with angular broken ends were
classiﬁed as charcoal (Swain, 1973, 1978). Charcoal results were
presented as total count of particles >300 lm cm3 and charcoalinﬂux (particles cm2 yr1) were calculated. Fire frequency was
calculated by assuming that each break in the charcoal deposition
record separates individual ﬁre events. Deposition of charcoal in
small forest hollows lags ﬁre events and charcoal deposition is of-
ten distributed over several decades due to secondary charcoal
deposition (Higuera et al., 2005; Whitlock and Millspaugh, 1996).
Assuming deposition characteristics remain consistent, the second
samples to record consecutive charcoal deposition were used to
calculate the ﬁre frequency.
2.2.3. Radiocarbon dating
A total of 8 peat samples were selected from the core for AMS
Radiocarbon dating (Table 1). The exterior sediment was scraped
away to remove possible contaminants and the remaining fraction,
between 0.5 and 2 g of sediment, dated. Dates were obtained from
Beta Analytic Radiocarbon Dating Laboratory, Florida, California,
USA, University of Helsinki, Finland, and Lund University, Sweden.
Dates were calibrated and the age-depth calibration curve was cal-
culated using Clam (Blaauw, 2010).
2.2.4. Statistical analysis
Cross correlation coefﬁcients of macroscopic charcoal and se-
lected pollen taxa were calculated using the statistical package R
(R Development Core Team, 2010) to identify links between ﬁre
disturbance and vegetation dynamics (Colombaroli et al., 2008;
Green, 1981, 1983). Non-transformed pollen percentage data and
charcoal counts were used to avoid inﬂux trends caused by the
changing sedimentation rate. To enable calculation of cross corre-
lation, continuous sedimentation has to be assumed and the core
was interpolated to the average sedimentation rate of
42.74 years cm1. Rarefaction analysis was also conducted in R (R
Development Core Team, 2010) to establish variability in palyno-
logical richness among samples. The sampling effort or total pollen
count varies among samples. Rarefaction analysis uses the sample
with the lowest total pollen count as the basis for comparison of
palynological richness among all samples (Birks and Line, 1992).
3. Results
3.1. Pollen and charcoal
Pollen percentage and charcoal accumulation for the last
5000 years (Fig. 3) have been subdivided visually into three zones
corresponding to periods of speciﬁc ﬁre history, which are in the
region of the stratigraphic zones calculated by CONISS (Grimm,
1987), in which analysis only the most abundant terrestrial pollen
types were included.
3.1.1. Vegetation succession and ﬁre frequency: >5000–2000 cal. yrs.
BP
The earliest forest composition recorded at Vesijako is that of a
co-dominant Pinus-Betula stand that was rich in deciduous taxa;
Alnus, Corylus avellana, Quercus, Salix, Tilia cordata, and Ulmus
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Fig. 3. Pollen and charcoal diagram for Vesijako, Finland with pollen expressed as percentage of total pollen count and macroscopic charcoal fragments (>300 lm) expressed
as charcoal particles cm3.
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most common during this time (Fig. 3). This 3000 year period
was the time of most diverse, species-rich forest composition re-
corded in Vesijako as shown by the rarefaction analysis (Fig. 4).
As well as the presence of the deciduous trees, other taxa including
Galium, Parnassia, Rosaceae and Cyperaceae were most abundant
during this period. There was a prominent decline in palynological
richness between 2200 and 2000 cal. yrs. BP coinciding with the
abrupt decline in the presence of most deciduous tree species.
There was also a steady overall decline in both Alnus and Corylus.
At approximately 2200 cal. yrs. BP. the fairly consistent presence
of Quercus, Tilia and Ulmus abruptly ends (Fig. 3). A simultaneous
decline in Salix, Parnassia, Equisetum and Sparganium suggests an
environmental shift from a wetter to drier forest stand.
The expansion of Picea appears to precede the onset of sedimen-
tation of the Vesijako core. Picea values steadily increase reaching
10% of the total pollen sum by 3500 cal. yrs. BP (Fig. 3). The ﬁrst
anthropogenic pollen indicators appear with Artemisia, Chenopo-
dium, Ranunculus and Rumex present just prior to 3500 cal. yrs. BP.
Consistent low level cyclical peaks of charcoal are recorded, with
the peaks spread over a maximum of 8 cm of sediment with inter-
vening charcoal-free periods (Fig. 5). From the charcoal results we
can estimate a ﬁre frequency for 3000 years of minimally disturbed
forest. This ﬁre frequency was characterised by a continuous steady
periodof low frequency, probably low intensityﬁreswithanaverage
ﬁre return interval of 430 years. This relatively low level of ﬁre dis-
turbance had minimal effect on the forest structure with limited
stand structure dynamics and post ﬁre succession.3.1.2. Signiﬁcant change in vegetation and ﬁre frequency: 2000–750
cal. yrs. BP
The decline in deciduous species; Quercus, Tilia and Ulmus prior
to 2000 cal. yrs. BP resulted in a shift in species composition and, in
particular, loss of diversity (Fig. 6) from that of a diverse mixed
deciduous and coniferous forest stand with a wide-ranging abun-
dance of herbaceous ﬂora to a forest stand dominated by Betula
and Pinus. The relative pollen abundance of these dominant spe-cies, as well as the less prevalent presence of Alnus, Corylus, Picea,
Populus, Cyperaceae and Poaceae, show a wide dynamic variance
throughout this time period with Picea pollen values varying most
signiﬁcantly, and falling under 1% between 800 and 600 cal. yrs. BP
(Fig. 3).
The charcoal record is characterised by intermittent moderate
to high charcoal counts recorded at a higher frequency than prior
to 2000 cal. yrs. BP (Fig. 5). The ﬁre frequency, with an average ﬁre
return interval of 180 years, was dominated by larger charcoal
peaks than previously recorded. Alnus, Corylus and Populus are
early successional species in the boreal forest, which is evident at
Vesijako due to their increase following each charcoal peak in
the pollen diagram (Fig. 3). This is particularly evident for Alnus
and Corylus after the last prominent charcoal peak around
800 cal. yrs. BP. Cross correlation analysis (Fig. 6) shows that these
three early successional species enter a positive correlation phase
post ﬁre event (at lag 0). Pinus’ resilience to ﬁre is clear. It managed
to retain a stronghold in the stand during periods of abundant
charcoal and subsequently decline during periods of post ﬁre
regeneration where Pinus was temporarily outcompeted (Fig. 3).
Cross correlation analysis (Fig. 6) indicates a strong positive corre-
lation with pre- and initially post ﬁre event turning negative after
signiﬁcant time since the last ﬁre. Picea appears highly sensitive to
these larger ﬁres recorded between 2000 and 750 cal. yrs. BP. How-
ever, relative pollen abundance of Picea recovers after ﬁre events.
There are two prominent spikes in Tilletia spores recorded after
the two prevalent peaks in charcoal.3.1.3. Fire suppression and the rise of Picea abies: 750 cal. yrs. BP–
present day
Pollen recorded for the past 750 years indicate a somewhat
more stable forest composition with Betula and Pinus occurring
with high values in the pollen record stand. The most important
vegetation change was that of a slow and gradual increase of Picea
after 600 cal. yrs. BP and the declining trend of any remaining
deciduous taxa, particularly Alnus and Corylus (Fig. 3). There is a
substantial rise and sustained occurrence of Ericaceae pollen fol-
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corded in the cross correlation analysis (Fig. 6). The absence of
charcoal through this time period suggests no local burning since
approximately 750 cal. yrs. BP (Fig. 5). The species diversity in
the stand increases following the previous period of intensive, high
frequency ﬁre (Fig. 4).
4. Discussion
4.1. Vesijako ﬁre frequency: the cause and consequences
The local ﬁre frequency in Vesijako remained fairly constant for
over 3000 years from approximately 5000 to 2000 cal. yrs. BP. Pi-
cea, generally known as a ﬁre-sensitive species, expanded into
the region approximately 5500 cal. yrs. BP (Giesecke and Bennett,
2004; Seppä et al., 2004) and continued to increase in abundance
during this time, suggesting that these ﬁres were most probably
low intensity, non-stand-replacing ﬁres.
Themid-Holocenemixed forest recorded in Vesijako is well doc-
umented in pollen diagrams recorded throughout Fennoscandia
(e.g. Bradshaw and Hannon, 1992; Donner, 1963; Molinari et al.,
2005; Seppä et al., 2009). The subsequent decline in deciduous spe-
cies, inparticularQuercus, TiliaandUlmus at approximately2200 cal.
yrs. BP, has beenattributedboth to Picea immigration (e.g. Bradshaw
and Hannon, 1992; Giesecke and Bennett, 2004; Hörnberg et al.,2012) and to intensiﬁed anthropogenic disturbance (e.g. Hannon
et al., 2000; Lindbladh and Bradshaw, 1998; Sarmaja-Korjonen
et al., 2003). In Vesijako, this decline and loss of diversity also coin-
cides with a shift from wetter to drier conditions indicated by de-
clines in taxa such as Salix, Parnassia, Sparganium and Equisetum.
This shift is most likely due to local terrestrialisation at the site
through the slow, consistent peat growth as climate reconstructions
during this time suggest a trend to cooler and wetter conditions
(Seppä andBirks, 2001). The decrease in lateHolocene summer tem-
perature could account for the decline in deciduous species and sub-
sequent expansion of the present day boreal dominance.
Early anthropogenic indications (Artemisia and Chenopodium)
appear in the pollen sequence at approximately 3500 cal. yrs. BP.
This early indication of cultural activity, between 4000 and
3000 cal. yrs. BP, has been recorded locally in Finland (Tolonen,
1978, 1980) and throughout Fennoscandia (Lindbladh, 1999; Mol-
inari et al., 2005; Tolonen, 1978). Tilletia spores were frequently
recorded after ﬁre since 2000 cal. yrs. BP. These are spores derived
from a pathogenic fungus that is normally hosted by cereal crops
causing Smut disease in wheat, but can occur in other grasses
(Yeloff et al., 2007). However, no cereal pollen were recorded in
Vesijako. Indications of increased human impact without the
presence of cultivated pollen types are evident in Finland from
2500 cal. yrs. BP (Alenius et al., 2008) with slash and burn cultiva-
tion in southern Finland from approximately 2400–2000 cal. yrs.
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relative pollen abundance of Picea after slash and burn events
could indicate local grazing animals (Haeggstrom, 1990).
Assuming high intensity ﬁres produce more charcoal (Pitkänen
et al., 1999) the shift in ﬁre regime in Vesijako to high frequency,
high intensity ﬁres varies from the usual anthropogenic signal ofhigh frequency, low intensity ﬁres (Granström and Niklasson,
2008). The increase in ﬁre frequency is likely the result of
intensiﬁed anthropogenic impact however theﬁre intensity appears
to be driven by fuel type. Modern day temperate forests in southern
Fennoscandia are known to burn less intensely than their boreal for-
est counterparts with ground vegetation burnt at lower tempera-
96 J.L. Clear et al. / Biological Conservation 166 (2013) 90–97tures with less fuel and less charcoal residue than when boreal can-
opy trees are burnt (Pitkänen et al., 1999). Prior to the deciduous de-
cline, 2200 cal. yrs. BP, the vegetation consisted of a mixed
coniferous–deciduous forest and although Picea expansion is ongo-
ing prior to the decline in deciduous species, the underlying pres-
ence of Quercus, Salix, Tilia and Ulmus maintains a mixed forest
cohort thatmay be the key to the low intensity ﬁres observed. How-
ever since the decline in deciduous taxa, a shift in forest composition
fromamixed coniferous–deciduous stand to a predominantly conif-
erous forest could be responsible for change in ﬁre intensity: from
low intensity ground ﬁres to high intensity stand replacing crown
ﬁres.
From 750 cal. yrs. BP onwards, Vesijako enters the present day
phase of ﬁre absence however this date is veriﬁed by a single radio-
carbon date at 31 cm and if this date is removed and the age depth
curve recalculated then the timing of ﬁre suppression changes to
480 cal. yrs. BP. Eitherway the absence of ﬁre inVesijako occurs long
before ﬁre suppression in southern Finland (Wallenius, 2011)where
slash and burn remained important until the 20th century (Taavit-
sainen et al., 1998). An explanation for an early decline in ﬁre could
be the ‘human inﬂuence hypothesis’ (Wallenius, 2011) suggesting
that the majority of past ﬁres were caused by humans therefore
any reduction inﬁreswould be a direct result of a decrease in human
causedﬁres. Thepresentdayabsenceofﬁremeans fuel availability is
continually increasing. With the combination of the Picea domi-
nated forest and availability of fuel, the present day and future ﬁre
regime at Vesijako may consist of very low frequency and very high
intensity ﬁres given the right climatic conditions.
4.2. Fire frequency effects on ﬂoristic biodiversity
Fire appears to favour ﬂoristic diversity in Vesijako and the range
of species is most diverse when the charcoal record indicates a ﬁre
regime of low frequency, low intensity ﬁres prior to 2000 cal. yrs.
BP (Fig. 4). However there appears to be an optimal threshold relat-
ing to ﬁre frequency and intensity that, once crossed leads to a
reduction in ﬂoristic diversity. This coincides with intensiﬁed
anthropogenic use of ﬁre with an increase in ﬁre frequency about
2000 years ago. This signiﬁcant loss of species diversity through hu-
manmodiﬁcation of the ﬁre regime has been recorded elsewhere in
Scandinavia (e.g. Lindbladh et al., 2003) as ﬁre disturbance is a key
element of regeneration within a forest system (Granström, 2001).
Without this intensiﬁed anthropogenic interference with the ﬁre
frequency the earlier enhanced ﬂoristic diversity at Vesijako poten-
tially couldhave remained to thepresent day. A signiﬁcant feature in
the forest composition is the strong impact of ﬁre history on Picea.
The Picea population ﬂuctuated strongly during the period of high
ﬁre frequency and the species appears to have been almost locally
absent at 800–600 cal. yrs. BP, followed by its rise to the current
dominance after the decline of ﬁre frequency after 750 cal. yrs. BP.
It is well established that the regeneration Picea is favoured by ﬁre
absence (Bradshaw, 1993) and itmay suffer lethal damageevenwith
low intensity ﬁres due to its superﬁcial root system, thin bark and
low branches (Heikinheimo, 1915; Cajander, 1949; Wallenius,
2004). Charcoal and pollen data also show that the expansion of Pi-
ceahas the potential to further reducewildﬁre activity by increasing
shadiness,moss cover, and soilmoisture (Ohlson et al., 2011). Hence
is it possible that the continual ﬁre absence in Vesijako could poten-
tially lead to further loss of forest diversity in the future.
4.3. Using palaeoecology as a tool for forest management
Fire frequency in Vesijako is predominantly linked to anthropo-
genic use of ﬁre and has previously been a signiﬁcant feature of the
ecosystem. Prior to the most signiﬁcant anthropogenic forest dis-
turbance in Vesijako (pre-2000 cal. yrs. BP) ﬁres were much lessfrequent with an average ﬁre return period of 430 years. This is a
far lower ﬁre frequency than has previously been recorded in exist-
ing ﬁre scar data (Engelmark, 1984; Granström and Niklasson,
2008; Zackrisson, 1977) in the boreal forests of Fennoscandia,
highlighting the need to look further back in time, beyond the tem-
poral period of most signiﬁcant human disturbance, to gain insight
into the natural and semi-natural ﬁre regime. Anthropogenic use of
ﬁre (post-2000 cal. yrs. BP) signiﬁcantly increases the ﬁre fre-
quency to an average ﬁre return period of 180 years. Then, with
a decrease in the use of ﬁre and ultimately ﬁre suppression by hu-
mans, ﬁre becomes absent from the record post-750 cal. yrs. BP.
From the ﬁre frequency records in Vesijako, if we could only view
the past 2000 years or less as in the case of ﬁre scar histories, we
would have an artiﬁcially high perception of the ﬁre frequency
prior to human suppression in Fennoscandia. Neglecting palaeoe-
cology and using only short term ecological data is short-sighted
when the seemingly unprecedented recent events can be placed
in a longer term perspective (Whitlock, 2004). There is a baseline
ﬁre return interval present at Vesijako and this information may
be valuable for management decisions associated with conserva-
tion and restoration issues in a time of uncertain climatic change.
This past information can be used to address modern day conser-
vation issues by setting a natural variability of ﬁre frequency and
severity (Willis and Birks, 2006) to enhance ecosystem resilience
to climate change (Holling and Meffe, 1996). Palaeoecology is an
excellent tool for understanding our changing environment and
the further we can look back into the past, the more we can see
and use as a guide to help us deal with the uncertainties in the
future.
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